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(57) ABSTRACT

There is provided a valve comprising a body, a passageway, a
sealing member, a trigger, and a temperature responsive trig-
ger actuator. The passageway is defined by the body, wherein
the passageway includes an inlet and an outlet. The sealing
member is configured for movement between a closed posi-
tion and an open position, wherein in the closed position, the
sealing member prevents fluid communication between the
inlet and outlet of the passageway, and in the open position,
the inlet and the outlet of the passageway are in fluid com-
munication. The trigger is configured for movement between
a first trigger position and a second trigger position, wherein
the trigger cooperates with the sealing member such that,
when the trigger is disposed in the first trigger position, the
trigger effects interference with movement of the sealing
member from one of the open position and the closed position
to the other one of the open position and the closed position,
and when the trigger is disposed in the second trigger posi-
tion, the interference effected by the trigger, is removed. The
temperature responsive trigger actuator includes a plurality of
point trigger actuator portions wherein each one of the plu-
rality of point trigger actuator portions is characterized by a
respective shape-changing temperature and is configured
such that, for each one of' the plurality of point trigger actuator
portions, when the temperature of the point trigger actuator
portion is below the respective shape-changing temperature,
the point trigger actuator portion is disposed in a respective
low temperature shape condition, and when the temperature
of'the point trigger actuator portion is at or above the respec-
tive shape-changing temperature, the point trigger actuator
portion is disposed in a respective high temperature shape
condition. The trigger co-operates with the plurality of point
trigger actuator portions such that the movement of the trigger
from the first trigger position to the second trigger position is
configured to be effected by heating of at least one operative
point trigger actuator portion, wherein each one of the at least
one operative trigger portion is any one of the plurality of
point trigger actuator portions, wherein the heating is suffi-
cient to raise the temperature of each one of the at least one
operative point trigger actuator portion above its respective
shape-changing temperature.

19 Claims, 16 Drawing Sheets
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1
VALVE WITH TEMPERATURE ACTIVATED
TRIGGERS

TECHNICAL FIELD

A temperature activated trigger for opening a valve is pro-
vided to vent fluid from a tank.

BACKGROUND OF THE ART

Current pressure relief valve technology which utilize tem-
perature activated triggers, including the use of shape
memory alloys, are “point trigger” devices which only
respond to fire or extreme heat that is capable of directly
heating the pressure relief valve. These pressure relief valves
only activate when the point trigger is heated. In some cases
where the point trigger devices is mounted on a tank, fire or a
heat source heats a different part of the tank without heating
the point trigger and causes the tank to rupture before the
pressure relief valve is triggered. This is a problem with large
or long tanks or tanks that are partially obscured. Further,
current pressure relief valve technology which utilizes a tem-
perature activated trigger employ a short, stiff rod which is
characterized by a certain shape-changing temperature,
which shape-changing temperature is not necessarily a useful
trigger temperature for a pressure relief valve.

SUMMARY OF THE INVENTION

In accordance with one aspect, there is provided a valve
comprising a body, a passageway, a sealing member, a trigger,
and a temperature responsive trigger actuator. The passage-
way is defined by the body, wherein the passageway includes
an inlet and an outlet. The sealing member is configured for
movement between a closed position and an open position,
wherein in the closed position, the sealing member prevents
fluid communication between the inlet and outlet of the pas-
sageway, and in the open position, the inlet and the outlet of
the passageway are in fluid communication. The trigger is
configured for movement between a first trigger position and
a second trigger position, wherein the trigger cooperates with
the sealing member such that, when the trigger is disposed in
the first trigger position, the trigger effects interference with
movement of the sealing member from one of the open posi-
tion and the closed position to the other one of the open
position and the closed position, and when the trigger is
disposed in the second trigger position, the interference
effected by the trigger, is removed. The temperature respon-
sive trigger actuator includes a plurality of point trigger actua-
tor portions wherein each one of the plurality of point trigger
actuator portions is characterized by a respective shape-
changing temperature and is configured such that, for each
one of the plurality of point trigger actuator portions, when
the temperature of the point trigger actuator portion is below
the respective shape-changing temperature, the point trigger
actuator portion is disposed in a respective low temperature
shape condition, and when the temperature of the point trig-
ger actuator portion is at or above the respective shape-chang-
ing temperature, the point trigger actuator portion is disposed
in a respective high temperature shape condition. The trigger
co-operates with the plurality of point trigger actuator por-
tions such that the movement of the trigger from the first
trigger position to the second trigger position is configured to
be effected by heating of at least one operative point trigger
actuator portion, wherein each one of the at least one opera-
tive trigger portion is any one of the plurality of point trigger
actuator portions, wherein the heating is sufficient to raise the
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temperature of each one of the at least one operative point
trigger actuator portion above its respective shape-changing
temperature, such that the plurality of point trigger actuator
portions provides at least one pair of spaced-apart trigger
actuator portions, and each one of the at least one pair of
spaced-apart trigger actuator portions is configured such that,
for each one of the at least one pair of spaced-apart trigger
actuator portions, a one of the spaced-apart trigger actuator
portions is spaced apart from the other one of the spaced-apart
trigger actuator portions by a spacing distance of at least eight
(8) inches, wherein the spacing distance is measured along
the axis of the temperature responsive trigger actuator.
Inaccordance with another aspect, there is provided a valve
comprising a body, a passageway, a sealing member, a trigger,
atemperature responsive trigger actuator, and a shape-chang-
ing temperature modification assembly. The passageway is
defined by the body, and the passageway includes an inlet and
an outlet. The sealing member is configured for movement
between a closed position and an open position, wherein in
the closed position, the sealing member prevents fluid com-
munication between the inlet and outlet of the passageway,
and in the open position, the inlet and the outlet of the pas-
sageway are in fluid communication. The trigger is config-
ured for movement between a first trigger position and a
second trigger position, wherein the trigger cooperates with
the sealing member such that, when the trigger is disposed in
the first trigger position, the trigger effects interference with
movement of the sealing member from one of the open posi-
tion and the closed position to the other one of the open
position and the closed position, and when the trigger
becomes disposed in the second trigger position, the interfer-
ence, effected by the trigger, to the movement of the sealing
member from the one of the open position and the closed
position to the other one of the open position and the closed
position, is removed. The temperature responsive trigger
actuator includes at least one point trigger actuator portion,
wherein each one of the at least one point trigger actuator
portion is characterized by a respective shape-changing tem-
perature and is configured such that, for each one of the at
least one point trigger actuator portion, when the temperature
of the point trigger actuator portion is below the respective
shape-changing temperature, the point trigger actuator por-
tion is disposed in a respective low temperature shape condi-
tion, and when the temperature of the point trigger actuator
portion is at or above the respective shape-changing tempera-
ture, the point trigger actuator portion is disposed in a respec-
tive high temperature shape condition. The shape-changing
temperature modification assembly effects application of a
tensile force to the temperature responsive trigger actuator
sufficient to effect a modification to the respective shape-
changing temperature of at least one of the at least one point
trigger actuator portion so as to provide at least one shape-
changing temperature modified point trigger actuator portion,
wherein each one of the at least one shape-changing tempera-
ture modified point trigger actuator portion is any one of the
at least one point trigger actuator portion, and wherein each
one of the at least one shape-changing temperature modified
point trigger actuator portion includes a respective modified
shape-changing temperature. The trigger co-operates with
the temperature responsive trigger actuator such that the
movement of the trigger from the closed position to the open
position is configured to be effected by heating of at least one
operative point trigger actuator portion, wherein each one of
the at least one operative trigger portion is any one of the at
least one shape-changing temperature modified point trigger
actuator portion, wherein the heating is sufficient to raise the
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temperature of each one of the at least one operative point
trigger actuator portion above its respective modified shape-
changing temperature.

In accordance with another aspect of the present invention,
there is provided a valve comprising: a body; a passageway, a
sealing member, a trigger, a temperature responsive trigger
actuator, an actuator retainer, and a biasing member. The
passageway is defined by the body, and the passageway
includes an inlet and an outlet. The sealing member is con-
figured for movement between a closed position and an open
position, wherein in the closed position, the sealing member
prevents fluid communication between the inlet and outlet of
the passageway, and in the open position, the inlet and the
outlet of the passageway are in fluid communication. The
trigger is configured for movement between a first trigger
position and a second trigger position, wherein the trigger
cooperates with the sealing member such that, when the trig-
ger is disposed in the first trigger position, the trigger effects
interference with movement of the sealing member from one
of'the open position and the closed position to the other one of
the open position and the closed position, and when the trig-
ger becomes disposed in the second trigger position, the
interference, effected by the trigger, to the movement of the
sealing member from the one of the open position and the
closed position to the other one of the open position and the
closed position is removed. The temperature responsive trig-
ger actuator includes at least one point trigger actuator por-
tion, wherein each one ofthe at least one point trigger actuator
portion is characterized by a respective shape-changing tem-
perature and is configured such that, for each one of the at
least one point trigger actuator portion, when the temperature
of the point trigger actuator portion is below the respective
shape-changing temperature, the point trigger actuator por-
tion is disposed in a respective low temperature shape condi-
tion, and when the temperature of the point trigger actuator
portion is at or above the respective shape-changing tempera-
ture, the point trigger actuator portion is disposed in a respec-
tive high temperature shape condition. The actuator retainer is
coupled to the temperature responsive trigger actuator. The
biasing member effects application of a force to the tempera-
ture responsive trigger actuator, wherein the temperature
responsive trigger actuator co-operates with the actuator
retainer so as to effect opposition to the force applied by the
biasing member such that a resulting tensile force is applied to
the temperature responsive trigger actuator sufficient to effect
a modification to the respective shape-changing temperature
of at least one of the at least one point trigger actuator portion
so as to provide at least one shape-changing temperature
modified point trigger actuator portion, wherein each one of
the at least one shape-changing temperature modified point
trigger actuator portion is a one of the at least one point trigger
actuator portion, and wherein each one of the at least one
shape-changing temperature modified point trigger actuator
portion includes a respective modified shape-changing tem-
perature. The trigger co-operates with the temperature
responsive trigger actuator such that the movement of the
trigger from the one of the open position and the closed
position to the other one of the open position and the closed
position is configured to be effected by heating of at least one
operative point trigger actuator portion, wherein each one of
the at least one operative trigger portion is any one of the at
least one shape-changing temperature modified point trigger
actuator portion, wherein the heating is sufficient to raise the
temperature of each one of the at least one operative point
trigger actuator portion above its respective modified shape-
changing temperature.
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In a further aspect, there is provided a valve comprising: a
body, a passageway, a sealing member, a trigger, and a tem-
perature responsive trigger actuator. The passageway is
defined by the body, and includes an inlet and an outlet. The
sealing member is configured for movement between a closed
position and an open position, wherein in the closed position,
the sealing member prevents fluid communication between
the inlet and outlet of the passageway, and in the open posi-
tion, the inlet and the outlet of the passageway are in fluid
communication. The trigger is configured for movement
between a first trigger position and a second trigger position,
wherein the trigger cooperates with the sealing member such
that, when the trigger is disposed in the first trigger position,
the trigger effects interference with movement of the sealing
member from one of the open position and the closed position
to the other one of the open position and the closed position,
and when the trigger becomes disposed in the second trigger
position, interference, effected by the trigger, to the move-
ment of the sealing member from the one of the open position
and the closed position to the other one of the open position
and the closed position, is removed. The temperature respon-
sive trigger actuator includes at least one point trigger actua-
tor portion, wherein each one of the at least one point trigger
actuator portion is characterized by a respective shape-chang-
ing temperature and is configured such that, for each one of
the at least one point trigger actuator portion, when the tem-
perature of the point trigger actuator portion is below the
respective shape-changing temperature, the point trigger
actuator portion is disposed in a respective low temperature
shape condition, and when the temperature of the point trig-
ger actuator portion is at or above the respective shape-chang-
ing temperature, the point trigger actuator portion is disposed
in a respective high temperature shape condition. The tem-
perature responsive trigger actuator further includes a length-
reducible trigger actuator portion configured to change its
spatial disposition in response to application of heat, and a
retained trigger actuator portion which is coupled to an actua-
tor retainer. The length-reducible trigger actuator portion is
configured to form at least one arc with a minimum radius of
at least one (1) inch. The trigger co-operates with the tem-
perature responsive trigger actuator such that the movement
of the trigger from the first trigger position to the second
trigger position is configured to be effected by heating of at
least one operative point trigger actuator portion, wherein
each one of the at least one operative point trigger actuator
portion is any one of the at least one point trigger actuator
portion, wherein the heating is sufficient to raise the tempera-
ture of each one of the at least one operative point trigger
actuator portion above its respective shape-changing tem-
perature so as to effect a reduction in a length of the tempera-
ture responsive trigger actuator. The coupling of the retained
trigger actuator portion to the actuator retainer effects sub-
stantial fixing of the spatial disposition of the retained trigger
actuator portion relative to the body and thereby effect a
resistance to a change in spatial disposition of the retained
trigger actuator portion relative to the body such that any
reduction in a length of the temperature responsive trigger
actuator, effected by the heating of at least one operative point
trigger actuator portion, translates to an operative change in
the spatial disposition of a length-reducible actuator portion
of the temperature responsive trigger actuator which thereby
effects the movement of the trigger from the first trigger
position to the second trigger position.

In a further aspect, there is provided a valve comprising: a
body, a passageway, a sealing member, a trigger, and a tem-
perature responsive trigger actuator. The passageway is
defined by the body, and includes an inlet and an outlet. The
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sealing member is configured for movement betweena closed
position and an open position, wherein in the closed position,
the sealing member prevents fluid communication between
the inlet and outlet of the passageway, and in the open posi-
tion, the inlet and the outlet of the passageway are in fluid
communication. The trigger is configured for movement
between a first trigger position and a second trigger position,
wherein the trigger cooperates with the sealing member such
that, when the trigger is disposed in the first trigger position,
the trigger effects interference with movement of the sealing
member from one of the open position and the closed position
to the other one of the open position and the closed position,
and when the trigger becomes disposed in the second trigger
position, interference, effected by the trigger, to the move-
ment of the sealing member from the one of the open position
and the closed position to the other one of the open position
and the closed position, is removed. The temperature respon-
sive trigger actuator includes at least one point trigger actua-
tor portion, wherein each one of the at least one point trigger
actuator portion is characterized by a respective shape-chang-
ing temperature and is configured such that, for each one of
the at least one point trigger actuator portion, when the tem-
perature of the point trigger actuator portion is below the
respective shape-changing temperature, the point trigger
actuator portion is disposed in a respective low temperature
shape condition, and when the temperature of the point trig-
ger actuator portion is at or above the respective shape-chang-
ing temperature, the point trigger actuator portion is disposed
in a respective high temperature shape condition. The tem-
perature responsive trigger actuator further includes a length-
reducible trigger actuator portion configured to change its
spatial disposition in response to application of heat, and a
retained trigger actuator portion which is coupled to an actua-
tor retainer. At least a portion of the length-reducible trigger
actuator portion is configured to elastically bend to form a
bend of at least forty-five (45) degrees. The trigger co-oper-
ates with the temperature responsive trigger actuator such that
the movement of the trigger from the first trigger position to
the second trigger position is configured to be effected by
heating of at least one operative point trigger actuator portion,
wherein each one of the at least one operative point trigger
actuator portion is any one of the at least one point trigger
actuator portion, wherein the heating is sufficient to raise the
temperature of each one of the at least one operative point
trigger actuator portion above its respective shape-changing
temperature so as to effect a reduction in a length of the
temperature responsive trigger actuator. The coupling of the
retained trigger actuator portion to the actuator retainer
effects substantial fixing of the spatial disposition of the
retained trigger actuator portion relative to the body and
thereby effect a resistance to a change in spatial disposition of
the retained trigger actuator portion relative to the body such
that any reduction in a length of the temperature responsive
trigger actuator, effected by the heating of at least one opera-
tive point trigger actuator portion, translates to an operative
change in the spatial disposition of a length-reducible actua-
tor portion of the temperature responsive trigger actuator
which thereby effects the movement of the trigger from the
first trigger position to the second trigger position.

In a further aspect, there is provided a valve comprising: a
body, a passageway, a sealing member, a trigger, a tempera-
ture responsive trigger actuator, and a protective conduit. The
passageway is defined by the body, and includes an inlet and
an outlet. The sealing member is configured for movement
between a closed position and an open position, wherein in
the closed position, the sealing member prevents fluid com-
munication between the inlet and outlet of the passageway,
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6

and in the open position, the inlet and the outlet of the pas-
sageway are in fluid communication. The trigger is config-
ured for movement between a first trigger position and a
second trigger position, wherein the trigger cooperates with
the sealing member such that, when the trigger is disposed in
the first trigger position, the trigger effects interference with
movement of the sealing member from one of the open posi-
tion and the closed position to the other one of the open
position and the closed position, and when the trigger
becomes disposed in the second trigger position, interference,
effected by the trigger, to the movement of the sealing mem-
ber from the one of the open position and the closed position
to the other one of the open position and the closed position,
is removed. The temperature responsive trigger actuator
includes at least one point trigger actuator portion, wherein
each one of the at least one point trigger actuator portion is
characterized by a respective shape-changing temperature
and is configured such that, for each one of the at least one
point trigger actuator portion, when the temperature of the
point trigger actuator portion is below the respective shape-
changing temperature, the point trigger actuator portion is
disposed in a respective low temperature shape condition, and
when the temperature of the point trigger actuator portion is at
or above the respective shape-changing temperature, the
point trigger actuator portion is disposed in a respective high
temperature shape condition. The protective conduit defines a
passage, wherein the temperature responsive trigger actuator
is disposed within the passage. The trigger co-operates with
the temperature responsive trigger actuator such that the
movement of the trigger from the first trigger position to the
second trigger position is effected by heating of at least one
operative point trigger actuator portion, wherein each one of
the at least one operative point trigger actuator portion is any
one of the at least one point trigger actuator portions, wherein
the heating is sufficient to raise the temperature of each one of
the at least one operative point trigger actuator portion above
its respective shape-changing temperature so as to effect a
reduction in a length of the temperature responsive trigger
actuator.

DESCRIPTION OF THE DRAWINGS

The embodiments will now be described with reference to
the following drawings, in which:

FIG. 11is an isometric view of a first embodiment of a valve
showing the temperature responsive trigger actuator partially
in fragment;

FIG. 2 is cross-sectional view of the valve of FIG. 1 as
viewed from the plane B-B in FIG. 8 showing the sealing
member in the closed position;

FIG. 3 is cross-sectional view of the valve of FIG. 1 as
viewed from the plane C-C in FIG. 8 showing the sealing
member in the closed position;

FIG. 4 is cross-sectional view of the valve of FIG. 1 as
viewed from the plane E-E in FIG. 2 showing the sealing
member in the closed position;

FIG. 5 is cross-sectional view of the valve of FIG. 1 as
viewed from the plane B-B in FIG. 8 showing the sealing
member in the open position;

FIG. 6 is cross-sectional view of the valve of FIG. 1 as
viewed from the plane C-C in FIG. 8 showing the sealing
member in the open position;

FIG. 7 is cross-sectional view of the valve of FIG. 1 as
viewed from the plane E-E in FIG. 5 showing the sealing
member in the open position;

FIG. 8 is a top plan view of the valve of FIG. 1;
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FIG. 9 is an isometric view of a second embodiment of a
valve showing the temperature responsive trigger actuator
partially in fragment;

FIG. 10 is cross-sectional view of the valve of FIG. 9 as
viewed from the plane C-C in FIG. 14 showing the sealing
member in the closed position;

FIG. 11 is cross-sectional view of the valve of FIG. 9 as
viewed from the plane B-B in FIG. 14 showing the sealing
member in the closed position;

FIG. 12 is cross-sectional view of the valve of FIG. 9 as
viewed from the plane C-C in FIG. 14 showing the sealing
member in the open position;

FIG. 13 is cross-sectional view of the valve of FIG. 9 as
viewed from the plane B-B in FIG. 14 showing the sealing
member in the open position;

FIG. 14 is a top plan view of the valve of FIG. 9;

FIG. 15 is a side view of an embodiment of the valve of
FIG. 1 attached to a tank; and

FIG. 16 is an isometric top view of the embodiment of the
valve attached to a tank illustrated in FIG. 15.

DETAILED DESCRIPTION

Referring to FIGS. 1 to 8, there is provided an embodiment
of'a valve 10 for attachment, either directly or indirectly, to an
opening of a container such as, for example, a vessel or tank
containing liquids or gases held under pressure such as the
tank 200 depicted in FIGS. 15 and 16. The valve 10 is con-
figured to open when a predetermined threshold temperature
is sensed. The valve 10 comprises a body 20, a passageway
30, a sealing member 160, a trigger 130 and a temperature
responsive trigger actuator 100.

A second embodiment of the valve 10 is illustrated in
FIGS. 9 to 14. Like reference numerals denote like compo-
nents.

The valve 10 can be used in a variety of applications includ-
ing, but not limited to, venting a pressure vessel when the
vessel is exposed to extreme heat or fire in order to avoid an
explosion, or venting a tank of fire suppressant onto a fire in
the area protected by the trigger.

The body 20 includes a passageway 30 having an inlet 17
and an outlet 18. The inlet 17 can be configured for attach-
mentto an opening of a container, either directly or indirectly.
An embodiment of the invention attached indirectly to a tank
200 is illustrated in FIGS. 15 and 16. For example, the mate-
rial of the body 20 is metallic. Suitable metallic materials
include brass, aluminium, or stainless steel.

The sealing member 160 is configured for movement
between a closed position and an open position. In the closed
position, (see FIGS. 2 to 4 of the first embodiment, and FIGS.
10 and 11 of the second embodiment), the sealing member
160 prevents fluid communication between the inlet 17 and
outlet 18 of the passageway 30 In the open position (see FIGS.
5 to 7 of the first embodiment, and FIGS. 12 and 13 of the
second embodiment), the inlet 17 and the outlet 18 of the
passageway are in fluid communication, allowing for gas or
liquid to flow from the inlet 17 to the outlet 18. For example,
the sealing member 160 is made from one or more ofa variety
of material including metal. For example, a suitable metal is
steel.

Referring to FIGS. 2 and 5 of the first embodiment (FIGS.
10 and 12 of the second embodiment), in some embodiments,
the body 20 also defines a passageway 136 which slideably
receives the trigger 130, wherein the trigger is configured for
slideable movement between the closed position and the open
position within the passageway 136.
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As illustrated in FIGS. 2, 3, 5 and 6 of the first embodiment
(FIGS. 10 to 13 of the second embodiment), the trigger 130 is
configured for movement between a first trigger position and
a second trigger position, and in the first trigger position, the
trigger 130 effects interference with movement of the sealing
member 160 from one of the open position and the closed
position (in the case of the embodiments depicted in FIGS. 2
and 3, and in FIGS. 10 and 11 this is the closed position) to the
other one of the open position and the closed position (in the
case of the embodiments depicted in FIGS. 5 and 6 and FIGS.
12 and 13, this is the open position). Movement of the trigger
130 from the first trigger position, as depicted in FIGS. 2 and
3 of the first embodiment (FIGS. 10 and 11 of the second
embodiment), to the second trigger position, as depicted in
FIGS. 5 and 6 of the first embodiment (FIGS. 12 and 13 of the
second embodiment), removes the interference effected by
the trigger to the movement of the sealing member 160.

It is also contemplated that in other embodiments, the
sealing member 160 may be disposed in the open position so
long as the trigger 130 is disposed in the first trigger position,
and the sealing member 160 is disposed for movement to the
closed position when the trigger 130 is disposed in the second
trigger position.

In some embodiments, such as depicted in FIGS. 5 and 6 of
the first embodiment (FIGS. 12 and 13 of the second embodi-
ment), when the trigger 130 is disposed in the second trigger
position, the sealing member 160 is configured to move from
the closed position to the open position in response to a
sufficient pressure differential provided between the inlet 17
and the outlet 18.

In some embodiments, the movement of the trigger 130
from the first position to the second position can directly
effect movement of the sealing member 160, whereas in other
embodiments, as shown in FIGS. 2, 3, 4, 5 and 6 of the first
embodiment (FIGS. 10 to 13 of the second embodiment), the
movement of the trigger from the first position to the second
position indirectly effects movement of the sealing member
160. In FIGS. 2 and 3 of the first embodiment (FIGS. 10 and
11 of the second embodiment), for example, the trigger 130
urges an intermediate member, in this case, a single ball 15,
against the sealing member 160 and is thereby maintaining
the sealing member 160 in one of the open position and the
closed position (in this case, the closed position) by effecting
interference with movement of the sealing member 160 to the
other one of the open position and the closed position (in this
case, the open position) by forces exerted by the fluid in the
tank by communication effected with the contents of the tank
by the inlet 17. In the embodiment shown in FIGS. 2,3, 4,5
and 6 of the first embodiment (FIGS. 10 to 13 of the second
embodiment), the ball 15 is used to transmit most of the force
applied to the sealing member 160, by the pressure exerted
from the fluid contents of the tank, onto the body 20, while
transmitting a smaller force onto the trigger 130. The use of
the ball 15 as an intermediate member results in less frictional
resistance to the trigger 130 when it is pulled by the tempera-
ture responsive trigger actuator 100, compared to when there
is no intermediate member and the trigger 130 is directly
engaged to the sealing member 160. This allows for greater
flexibility in the choice of materials for the temperature
responsive trigger actuator 100, which may, for example, be a
wire comprised of shaped memory alloy. For example, the
material of construction of the ball 15 is steel and the diameter
of the ball is 0.250 inches.

In some embodiments, such as the first embodiment illus-
trated in FIGS. 2 to 8, the ball 15 is configured for urging by
the trigger against an end 161 of the sealing member 160 to
assume an interference relationship disposition with to the
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sealing member, wherein interference with the movement of
the sealing member 160 from one of the open position and the
closed position to the other one of the open position and the
closed position is thereby effected.

In other embodiments, such as the second embodiment
illustrated in FIGS. 9to 14, the ball 15 is configured forurging
by the trigger into a groove or cut-out 163 of the sealing
member 160 to assume an interference relationship disposi-
tion with to the sealing member, wherein interference with the
movement of the sealing member 160 from one of the open
position and the closed position to the other one of the open
position and the closed position is thereby effected. Relative
to the first embodiment, the configuration of the interference
relationship between the ball 15 and the sealing member 160
of the second embodiment facilitates the provision of a
shorter sealing member 160, thereby reducing overall space
requirements. As well, relative to the first embodiment, the
configuration of the interference relationship between the ball
15 and the sealing member 160 of the second embodiment
reduces the risk of inadvertent movement of the sealing mem-
ber 160 (for example, inadvertent opening if the sealing mem-
ber 160 is normally in a closed position, or, as another
example, inadvertent closing if the sealing member 160 is
normally in an open position) if the valve 10 is installed
incorrectly such that a higher pressure is provided at the outlet
18 relative to the inlet 17.

In some embodiments, the ball 15 is disposed in a passage
151 which is drilled through the body 20. In the first embodi-
ment, and comparing FIG. 3 with FIG. 4, or FIG. 6 with FIG.
7,the passage 151 is drilled separately from the outlet 18, and
then plugged, and is disposed substantially orthogonally rela-
tive to the passage 151. In the second embodiment, and refer-
ring to FIG. 11 or FIG. 13, the passage 151 is drilled through
the outlet 18. Relative to the first embodiment, the manner of
formation of the passage 151 in the second embodiment
reduces the number of manufacturing operations and the
number of components.

In some embodiments, such as the embodiment illustrated
in FIGS. 2to 8 (orthe second embodiment illustrated in FIGS.
10 to 14), the temperature responsive trigger actuator 100
co-operates with the trigger 130 such that the movement of
the trigger 130 from the first trigger position to the second
trigger position is effected as a result of the application of
sufficient heat to the temperature responsive trigger actuator
100. As illustrated in FIGS. 2, 3 and 4 of the first embodiment
(FIGS. 10 and 11 of the second embodiment), so long as the
temperature responsive trigger actuator 100 is not exposed to
sufficient heat, the temperature responsive trigger actuator
100 does not actuate movement of the trigger 130 and there-
fore the interference to the movement of the sealing member
160 in the closed position is maintained. When the tempera-
ture responsive trigger actuator 100 is exposed to sufficient
heat, as illustrated in FIGS. 5, 6 and 7 of the first embodiment
(FIGS. 12 and 13 of the second embodiment), the temperature
responsive trigger actuator 100 effects the movement of the
trigger 130 to the second trigger position and thereby removes
the interference to the movement of the sealing member 160
from a closed position to an open position.

A fire or other heat source which can effect movement of
the trigger 130 can also effect heating of the tank 200 to which
the valve 10 is attached. In such cases, in an embodiment of
the invention, the movement of the trigger 130 is effected by
the heat before the heating of the tank 200 effects the failure
of the tank 200. “Failure” of the tank 200 occurs when the
integrity of the tank 200 is compromised, such as by, for
example, rupturing, breaking or melting.
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In some embodiment, the trigger 130 is coupled to the
temperature responsive trigger actuator 100. In this respect,
for example, the trigger 130 includes a pin 132 and spring
housing portion 134 (to be described in further detail below),
and the temperature responsive trigger actuator is in the form
of'a wire which is pinched between the pin 132 and the spring
housing portion 134. For example, the material of the spring
housing portion 134 is metallic. Suitable metallic materials
include brass, aluminium, or stainless steel. For example, the
material of the pin 132 is a metal, such as steel.

In some embodiments, the temperature responsive trigger
actuator 100 is in the form of a wire. In some embodiments,
the wire is made from a shaped memory alloy, such as nickel
titanium or “Nitinol”. For example, the diameter of the wire is
between 0.015 inches and 0.02 inches. For example, the wire
includes a maximum diameter of 0.030 inches. For applica-
tions requiring a longer temperature responsive trigger actua-
tor, a larger diameter wire is preferred.

Referring to FIGS. 2 and 5 of the first embodiment (FIGS.
10 and 12 of the second embodiment), in some embodiments,
the valve 10 also includes an actuator retainer 50 coupled to
the temperature responsive trigger actuator 100. The actuator
retainer 50 is coupled to a retained trigger actuator portion
104 and effects substantial fixing of the spatial disposition of
the retained trigger actuator portion 104 relative to the body
20. Such connection of the retained trigger actuator portion
104 to the actuator retainer 50 effects a resistance to a change
in spatial disposition of the retained portion 50 relative to the
body such that any reduction in a length of the temperature
responsive trigger actuator 100 effected by the heating of the
temperature responsive trigger actuator translates to an opera-
tive change in the spatial disposition of a length-reducible
trigger actuator portion 106 of the temperature responsive
trigger actuator 100 which thereby effects the movement of
the trigger 130 from the first trigger position to the second
trigger position.

In some embodiments, for example, substantial fixing of
the spatial disposition of the retained actuator portion 104
relative to the body 20 by the actuator retainer 50 is effected
by the coupling of the actuator retainer 50 to the body 20 of
the valve 10. In other embodiments, for example, the actuator
retainer 50 effects coupling of the retained trigger actuator
portion 104 of the temperature responsive trigger actuator
100 to a component other than the valve body 20. For
example, in other embodiments, the actuator retainer 50
includes a strap, band or other fastener for securing an end
portion of the temperature responsive trigger actuator 100
directly or indirectly to the tank 200 to which the valve 10 is
connected. Such a fastener would also function to effect a
substantial fixing of the spatial disposition of the coupling of
a portion of the temperature responsive trigger actuator 100
relative to the body 20 of the valve 10.

In some embodiments, the actuator retainer 50 effects cou-
pling of a retained trigger actuator portion 104 of the tem-
perature responsive trigger actuator 100 to the body 20 by
being coupled to the retained trigger actuator portion 104.

In some of these embodiments, such as the first embodi-
ment illustrated in FIGS. 1 to 8, to effect coupling of the
retained trigger actuator portion 104 of the temperature
responsive trigger actuator 100 to the body 20, the actuator
retainer 50 includes an end retainer 52, a pin 54 and a con-
nector 56. The temperature responsive trigger actuator 100 is
secured to the end retainer 52 with a pin 54. The pin 54 is press
fit within the end retainer 52 and substantially fixes the dis-
position of the actuator 100 relative to the end retainer 52 by
pinching the temperature responsive trigger actuator 100
against the end retainer 52. The end retainer 54 is coupled to
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the connector 56. The connector 56 extends between the end
retainer 52 and the body 20 and is in turn coupled to the spring
retainer 122 (to be described in further detail below) which is
fastened to the body 20. For example, the end retainer 52 is
made using metallic material, such as brass or stainless steel.
For example, the pin 54 is made from metallic material, such
as steel. For example, the connector 56 is also made from
metallic material, and suitable metallic materials includes
copper, stainless steel, brass or aluminium.

In other embodiments, such as the second embodiment
illustrated in FIGS. 9 to 13, the actuator retainer 50 includes
aconnector 56 and a pin 54. Referring to FIGS. 10 and 12, the
pin 54 is press fit within the distal end of connector 56 and
substantially fixes the disposition of the actuator 100 relative
to the distal end of connector 56 by pinching the temperature
responsive trigger actuator 100 against the distal end of con-
nector 56. In some embodiments, the connector 56 may be
closed or covered by a cap 51. For example, the cap 51 is made
using metallic material, such as brass or stainless steel. For
example, the pin 54 is made from metallic material, such as
steel. For example, the connector 56 is also made from metal-
lic material, and suitable metallic materials includes copper,
stainless steel, brass, aluminium, or a combination of said
materials.

The actuator retainer 50 is coupled or connected to the
retained actuator portion 104 of the temperature responsive
trigger actuator 100, and such coupling or connection of the
retained actuator portion 104 to the actuator retainer 50
effects a resistance to a change in spatial disposition of the
retained portion 50 such that the reduction in a length of the
temperature responsive trigger actuator 100 effected by the
heating of the temperature responsive trigger actuator 100
translates to an operative change in the spatial disposition of
a length-reducible trigger actuator portion 106 of the tem-
perature responsive trigger actuator 100 which thereby
effects the movement of the trigger 130 from the first trigger
position to the second trigger position.

With respect to the actuator retainer 50, in some embodi-
ments, the actuator retainer 50 is configured to compress by a
distance which is less than 50% of the distance by which the
temperature responsive trigger actuator stretches in response
to tension applied to the temperature responsive trigger actua-
tor. For example, the ratio of the stiffness of the actuator
retainer along its longitudinal axis to the stiffness of the
temperature responsive trigger actuator along its longitudinal
axis is at least two (2).

First Aspect

In afirst aspect, the temperature responsive trigger actuator
100 includes a plurality of point trigger actuator portions
wherein each one of the plurality of point trigger actuator
portions is characterized by a respective shape-changing tem-
perature. In some embodiments of the invention, the respec-
tive shape-changing temperature is between 90 and 95
degrees Celsius. The trigger 130 co-operates with the plural-
ity of point trigger actuator portions 102 such that the move-
ment of the trigger 130 from the first trigger position to the
second trigger position is configured to be effected by heating
of at least one operative point trigger actuator portion,
wherein the heating is sufficient to raise the temperature of
each one of the at least one operative point trigger actuator
portion above its respective shape-changing temperature.
Each one of the at least one operative point trigger actuator
portion is any one of the plurality of point trigger actuator
portions 102.

The plurality of point trigger actuator portions 102 pro-
vides at least one pair of spaced-apart trigger actuator por-
tions. For each one of the at least one pair of spaced-apart
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trigger actuator portions, a one of the pair of spaced-apart
trigger actuator portions is spaced apart from the other one of
the pair of the spaced-apart trigger actuator portions by a
linear spacing distance “D1” of at least eight (8) inches,
wherein the spacing distance is measured along an axis of the
temperature responsive trigger actuator 100. In some embodi-
ments, the temperature responsive trigger actuator 100,
including the plurality of point trigger actuator portions 102,
is long enough to encircle or run the length of a tank one or
more times.

The heating of each one of the at least one operative point
trigger actuator portion above the respective shape-changing
temperature of each one of the at least one operative point
trigger actuator portion effects a shape change of each one of
the at least one operative point trigger actuator portion, such
as a length reduction of each one of the at least one operative
point trigger actuator portion, which effects an operative
change in spatial disposition of the temperature responsive
trigger actuator 100 (such as a reduction in length of the
temperature responsive trigger actuator), which in turn
effects the movement of the trigger 130 to the second trigger
position and thereby removes the interference to the move-
ment of the sealing member 160 from a one of the open
position and the closed position to the other one of the open
position and the closed position.

In some embodiments, the temperature responsive trigger
actuator 100 includes the length-reducible actuator portion
106 which is configured to change its spatial disposition in
response to application of heat. In this respect, the actuator
100 also includes the retained trigger actuator portion 104
which is coupled to any of the above-described implementa-
tions of the actuator retainer 50 which effects substantial
fixing of the spatial disposition of the retained trigger actuator
portion 104 relative to the body 20. As described above, the
coupling of the actuator retainer 50 to the retained trigger
actuator portion 104 of the temperature responsive trigger
actuator 100 effects a resistance to a change in spatial dispo-
sition of the retained trigger actuator portion 104 such that the
reduction in a length of the temperature responsive trigger
actuator 100 effected by the heating of the temperature
responsive trigger actuator translates to an operative change
in the spatial disposition of the length-reducible trigger actua-
tor portion 106 of the temperature responsive trigger actuator
100 which thereby effects the movement of the trigger 130
from the first trigger position to the second trigger position.

In some embodiments, the plurality of point trigger actua-
tor portions 102 defines at least one continuous operative
trigger material including a length of at least eight (8) inches,
wherein the length is measured along the axis of the continu-
ous operative trigger material.

In some embodiments, at least one of the plurality of point
trigger actuator portions 102 includes a respective shaped
memory alloy, including, for example, a shape-changing tem-
perature of between 90 and 95 degrees Celsius. For example,
a suitable shaped memory alloy is Nitinol.

In some embodiments, the temperature responsive trigger
actuator 100 is a continuous operative trigger material in the
form of a wire including a maximum diameter of0.030 inches
and a length of at least eight (8) inches, wherein the length is
measured along an axis of the wire form of the continuous
operative trigger material. In some embodiments, the wire is
made from a shaped memory alloy, such as Nitinol wire. For
example, the diameter of the wire is between 0.015 inches and
0.02 inches. For applications requiring a longer temperature
responsive trigger actuator, a larger diameter wire is pre-
ferred.
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In some embodiments, the temperature responsive trigger
actuator 100 is configured to bend elastically upon the appli-
cation of a bending force to form a bend of at least forty-five
(45) degrees, such that upon the removal of the bending force,
the temperature responsive trigger actuator 100 substantially
returns to the shape which it had before the bending force
shape was applied (i.e., the pre-bending force shape). “Elas-
tically” bending means bending without permanently
deforming. In some embodiments, the bend formed by the
elastic bending of the actuator 100 is a bend of at least one
hundred and thirty-five (135) degrees.

In some embodiments, the temperature responsive trigger
actuator 100 is configured to assume a shape which conforms
to an arcuate surface of a tank 200, and is configured to form
at least one arc including a minimum radius of at least one (1)
inch. This permits the temperature responsive trigger actuator
100 to be wrapped around or encircle a tank 200, of various
sizes such as, for example, shown in FIGS. 9 and 10.
Second Aspect

In a second aspect, the temperature responsive trigger
actuator 100 of the valve 10 includes at least one point trigger
actuator portion 102. Each one of the at least one point trigger
actuator portion 102 is characterized by a respective shape-
changing temperature and is configured such that, for each
one of the at least one point trigger actuator portion 102, when
the temperature of the point trigger actuator portion 102 is
below the respective shape-changing temperature, the point
trigger actuator portion 102 is disposed in a respective low
temperature shape condition, and when the temperature of the
point trigger actuator portion 102 is at or above the respective
shape-changing temperature, the point trigger actuator por-
tion 102 is disposed in a respective high temperature shape
condition.

Referring to FIGS. 2 and 5 of the first embodiment (FIGS.
10 and 12 of the second embodiment), the valve 10 also
includes the actuator retainer 50. The actuator retainer 50 is
fastened to a retained portion 104 of the temperature respon-
sive trigger actuator 100 so as to effect substantial fixing of
the spatial disposition of the retained actuator portion relative
to the body and thereby effect a resistance to a change in
spatial disposition of the retained portion relative to the body.

The valve 10 further includes a biasing member 120 which
effects application of a force to the temperature responsive
trigger actuator 100. For example, the biasing member is a
resilient member, such as a spring 120, as depicted in FIGS. 2
and 5 of the first embodiment (FIGS. 10 and 12 of the second
embodiment). For example, the spring 120 is a coil spring
made from steel. For example, the spring 120 is disposed
within space provided by the spring housing member 134 of
the trigger 130 and is retained within space by spring retainer
122. Spring retainer 122 is fastened to the body 20. For
example, the spring retainer 122 is made from metallic mate-
rial, such as brass or stainless steel. For example, the spring
retainer 122 is in the form of a nut which threads into comple-
mentary threads provide on an external surface of the body.
The spring retainer 122 includes a passage 124 which slidably
receives the temperature responsive trigger actuator 100 so as
to facilitate operative disposition of the temperature respon-
sive trigger actuator 100 relative to the trigger 130 (for
example, the operative disposition is coupling of the tempera-
ture responsive trigger actuator 100 to the trigger 130) and
also to facilitate movement of the temperature responsive
actuator 100 in response to heating as described herein. For
example, the connector 56 is fastened to the spring retainer
122, thereby effecting coupling of the connector 56 to the
body 20. For example, fastening of the connector 56 is
effected with a nut 562, which is threaded to the spring

10

15

20

25

30

35

40

45

50

55

60

65

14

retainer, and which forces a ferrule 564 is to pinches the
connector 56. In this respect, during assembly, the nut 562
and the ferrule 564 are slid over the end of the connector 56
which is desired to be fastened to the spring retainer 122 (and,
therefore, the body). The connector 56 is then pushed through
the passage 124 provided on the spring retainer 122. The nut
562 is then tightened until the ferrule 564 squeezes the con-
nector 56.

The temperature responsive trigger actuator 100 co-oper-
ates with the actuator retainer 104 so as to effect opposition to
the force applied by the biasing member 120 such that a
resulting tensile force is applied to the temperature responsive
trigger actuator 100 sufficient to effect a modification to the
respective shape-changing temperature of at least one of the
at least one point trigger actuator portion 102 so as to provide
at least one shape-changing temperature modified point trig-
ger actuator portion. Each one of the at least one shape-
changing temperature modified point trigger actuator portion
is a one of the at least one point trigger actuator portion 102,
and each one of the at least one shape-changing temperature
modified point trigger actuator portion includes a respective
modified shape-changing temperature.

In some embodiments, the actuator retainer 50 is config-
ured to be at least twice as stiff as the temperature responsive
actuator, such that a tension applied to the temperature
responsive trigger actuator 100 and resisted by the actuator
retainer 50 changes the length of the actuator retainer 50 less
than half as much as it changes the length of the temperature
responsive trigger actuator 100, wherein the length of each
one of the actuator retainer 50 and the actuator 100 is mea-
sured along a respective one of each other’s axis.

The trigger 130 co-operates with the temperature respon-
sive trigger actuator 100 such that the movement of the trigger
130 from the one of the open position and the closed position
to the other one of the open position and the closed position is
configured to be effected by heating of at least one operative
shape-changing temperature modified point trigger actuator
portion, wherein each one of the at least one operative shape-
changing temperature modified trigger portion is any one of
the at least one shape-changing temperature modified point
trigger actuator portion 120, wherein the heating is sufficient
to raise the temperature of each one of the at least one opera-
tive shape-changing temperature modified point trigger
actuator portion above its respective modified shape-chang-
ing temperature.

In some embodiments, the coupling of the actuator retainer
50 to the retained actuator portion 104 of the temperature
responsive trigger actuator 100 effects a resistance to a
change in spatial disposition of the retained portion 50 such
that the reduction in a length of the temperature responsive
trigger actuator 100 effected by the heating ofthe temperature
responsive trigger actuator translates to an operative change
in the spatial disposition of the length-reducible actuator por-
tion 106 of the temperature responsive trigger actuator 100
which thereby effects the movement of the trigger 130 from
the first trigger position to the second trigger position.

Third Aspect

In a third aspect of the invention, the temperature respon-
sive trigger actuator 100 of the valve 10 includes at least one
point trigger actuator portion 102. Each one of the at least one
point trigger actuator portion 102 is characterized by a
respective shape-changing temperature and is configured
such that, for each one of the at least one point trigger actuator
portion 102, when the temperature of the point trigger actua-
tor portion 102 is below the respective shape-changing tem-
perature, the point trigger actuator portion 102 is disposed in
a respective low temperature shape condition, and when the
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temperature of the point trigger actuator portion 102 is at or
above the respective shape-changing temperature, the point
trigger actuator portion 102 is disposed in a respective high
temperature shape condition.

The trigger 130 co-operates with the temperature respon-
sive trigger actuator 100 such that the movement of the trigger
130 from the first trigger position to the second trigger posi-
tion is effected by heating of at least one operative point
trigger actuator portion, wherein each one of the at least one
operative point trigger actuator portion is any one of the at
least one point trigger actuator portion 102, wherein the heat-
ing is sufficient to raise the temperature of each one of the at
least one operative point trigger actuator portion above its
respective shape-changing temperature so as to effect a
reduction in a length of the temperature responsive trigger
actuator 100.

The temperature responsive trigger actuator 100 includes
the length-reducible trigger actuator portion 106 which is
configured to change its spatial disposition in response to
application of heat. The actuator 100 also includes the
retained trigger actuator portion 104 which is coupled to any
one of the above-described implementations of the actuator
retainer 50 which effects substantial fixing of the spatial
disposition of the retained trigger actuator portion 104 rela-
tive to the body 20. The coupling of the actuator retainer 50 to
the retained trigger actuator portion 104 of the temperature
responsive trigger actuator 100 effects a resistance to a
change in spatial disposition of the retained portion 50 such
that the reduction in a length of the temperature responsive
trigger actuator 100 effected by the heating ofthe temperature
responsive trigger actuator translates to an operative change
in the spatial disposition of the length-reducible trigger actua-
tor portion 106 of the temperature responsive trigger actuator
100 which thereby effects the movement of the trigger 130
from the first trigger position to the second trigger position.

At least a portion of the length-reducible actuator portion
106 is configured to form at least one arc with a minimum
radius of at least one (1) inch. Alternatively, or in combina-
tion, at least a portion of the length-reducible actuator portion
106 is configured to elastically bend to form a bend of a least
forty-five (45) degrees. For example, the formed bend is a
bend of at least one hundred and thirty-five (135) degrees.

In some embodiments, the length of the length-reducible
actuator portion 106 is at least eight (8) inches, wherein the
length is measured along an axis of the temperature respon-
sive trigger actuator 100.

In some embodiments, the connector 56 of the actuator 50
includes a protective cover portion 58. For example, the pro-
tective cover portion 58 is in the form of a hollow tube,
conduit, cylinder, channel or sheath, as shown in FIGS. 1, 2
and 5 of the first embodiment (FIGS. 9, 10 and 12 of the
second embodiment), whereas in other embodiments, the
protective cover portion 58 includes a cross sectional “C”
shape. In such embodiments, when the valve 10 is coupled to
a tank 200, at least a portion of length-reducible actuator
portion 106 is disposed between the protective cover portion
58 and the tank 200. Other variations on the shape of the
protective cover portion 58 are possible. In some embodi-
ments, the protective cover portion 58 is a semi-rigid tube,
made from one or more of a number of materials including,
but not limited to, metal. Suitable metallic material of the
protective cover portion 58 includes copper, stainless steel,
brass, or aluminium. For example, the protective cover por-
tion 58 is in the form of a tube including an outside diameter
of one-eighth (%) of an inch and an inside diameter of 0.065
inches, and is configured to receive a 0.015 inch diameter
wire of the temperature responsive trigger actuator 100. As a
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further example, the protective cover portion 58 is in the form
of a tube including an outside diameter of one-fourth (¥4) of
an inch and an inside diameter of 0.180 inches, and is con-
figured to receive a 0.02 inch diameter wire of the temperature
responsive trigger actuator 100.

In some embodiments, the protective cover portion 58
includes an outer layer and an inner layer. The outer layer is
stiffer and more environmentally resistant than the inner
layer. The greater stiffness facilitates mounting of the protec-
tive cover portion, as fewer retaining points are required. The
greater environmental resistance means that the outer layer is
at least one of resistant to abrasion, resistant to corrosion, or
resistant to other chemical degradation. For example, a suit-
able material for the outer layer is stainless steel, such as 304
stainless steel or 316 stainless steel. The inner layer is more
thermally conductive than the outer layer for effecting distri-
bution of heat being applied to the trigger, along the length
trigger 130. For example, a suitable material for the inner
layer is copper.

In some embodiments, the protective cover portion 58 is
configured to become plastically bent so as to assume a shape
which conforms to an arcuate surface of a tank. For example,
the protective cover portion 58 is configured to become plas-
tically bent so as to form an arc including a minimum radius
of one (1) inch. “Plastically” bending means bending to
assume a bended shape which does not return to its original
shape on its own (due to its own resiliency) without applica-
tion of an external force.

An embodiment of the valve 10 attached to the tank 200
where the temperature responsive trigger actuator 100 and the
protective cover portion 58 are long enough to encircle the
tank 200 twice is illustrated in FIGS. 15 and 16.

In some embodiments, the protective cover portion 58 is
configured to plastically bend at a bending point such that a
first protective cover portion and a second protective cover
portion is provided, wherein the first protective cover portion
merges with the second protective cover portion at the bend-
ing point, and wherein the axis of the first actuator portion is
at least disposed at an angle of between forty-five (45)
degrees and one hundred and seventy-five (175) degrees rela-
tive to the axis of the second protective cover portion.

In some embodiments, the protective cover portion 58 is
configured to plastically bend to form a bend of at least
forty-five (45) degrees. In some embodiments the protective
cover portion 58 is configured to plastically bend to form a
bend of at least one hundred and thirty-five (135) degrees.

In some embodiments, the protective cover portion 58 is
characterized by an internal shape, the internal shape being
substantially maintained when the protective cover portion 58
is subjected to a compressive force.

Fourth Aspect

In a fourth aspect, the valve 10 includes a temperature
responsive trigger actuator 100 including at least one point
trigger actuator portion 102. Each one of the at least one point
trigger actuator portion 102 is characterized by a respective
shape-changing temperature and is configured such that, for
each one of the at least one point trigger actuator portion 102,
when the temperature of the point trigger actuator portion 102
is below the respective shape-changing temperature, the point
trigger actuator portion 102 is disposed in a respective low
temperature shape condition, and when the temperature of the
point trigger actuator portion 102 is at or above the respective
shape-changing temperature, the point trigger actuator por-
tion 102 is disposed in a respective high temperature shape
condition.
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The valve 10 also includes a protective conduit 70 defining
a passage 72, wherein the temperature responsive trigger
actuator 100 is disposed within the passage 72.

The trigger 130 co-operates with the temperature respon-
sive trigger actuator 100 such that the movement of the trigger
130 from the first trigger position to the second trigger posi-
tion is effected by heating of at least one operative point
trigger actuator portion, wherein each one of the at least one
operative point trigger actuator portion is any one of the at
least one point trigger actuator portion 102, wherein the heat-
ing is sufficient to raise the temperature of each one of the at
least one operative point trigger actuator portion above its
respective shape-changing temperature so as to effect a
reduction in a length of the temperature responsive trigger
actuator 100.

In some embodiments, the temperature responsive trigger
actuator 100 is received within the passage 72.

In some embodiments, the reduction in a length of the
temperature responsive trigger actuator 100 effects move-
ment of the temperature responsive trigger actuator 100
through the passage 72.

In some embodiments, the temperature responsive trigger
actuator 100 disposed or received within the passage 72
defines a protected temperature responsive trigger actuator
portion 1100. The length of the protected temperature respon-
sive trigger actuator portion 1100 is at least eight (8) inches,
wherein the length is measured along an axis of the protected
temperature responsive trigger actuator portion 1100.

In some embodiments, the valve 10 further includes any of
the above-described implementations of the actuator retainer
50 which effects substantial fixing of the spatial disposition of
the retained trigger actuator portion 104 relative to the body
20.

In this respect, the temperature responsive trigger actuator
100 includes the length-reducible trigger actuator portion 106
configured to change its spatial disposition in response to
application of heat, and the retained trigger actuator portion
104 which is coupled to an actuator retainer 50. The coupling
of the retained trigger actuator portion 104 to the actuator
retainer 50 effects a resistance to a change in spatial disposi-
tion of the retained trigger actuator portion 50 such that the
reduction in a length of the temperature responsive trigger
actuator 100 effected by the heating of the temperature
responsive trigger actuator translates to an operative change
in the spatial disposition of the length-reducible trigger actua-
tor portion 106 which thereby effects the movement of the
trigger 130 from the first trigger position to the second trigger
position. The length-reducible trigger actuator portion 106
includes the protected temperature responsive trigger actua-
tor portion 1100.

As described above, in some embodiments, substantial
fixing of the spatial disposition of the retained trigger actuator
portion 104 relative to the body 20 by the actuator retainer 50
is effected by the coupling of the actuator retainer 50 to the
body 20 of the valve 10. The actuator retainer 50 is coupled to
the body 20 of the valve 10 with the connector 56 and, in some
embodiments, the connector includes the protective conduit
70.

In some embodiments, the protective conduit 70 is config-
ured to shield or protect the protected temperature responsive
trigger actuator portion 1100 from external forces, such as
pushing, pulling or tearing forces.

In some embodiments, the above-described connector 56
includes the protective conduit 70. In some embodiments, the
protective cover portion 58 includes the protective conduit 70.

Some embodiments of the valve 10 may incorporate one,
two three, or all four of the aspects of the inventions described
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herein, including any and all of the described variations and
any combinations thereof. It will be understood of course that
modifications and alterations can be made to the embodi-
ments described herein, and all such modifications and alter-
ations are within the sphere and scope of the present invention
as defined in the attached claims.

What is claimed is:

1. A valve comprising:

a body;

apassageway defined by the body, wherein the passageway
includes an inlet and an outlet;

a sealing member configured for movement between a
closed position and an open position, wherein in the
closed position, the sealing member prevents fluid com-
munication between the inlet and outlet of the passage-
way, and in the open position, the inlet and the outlet of
the passageway are in fluid communication;

a trigger configured for movement between a first trigger
position and a second trigger position, wherein the trig-
ger cooperates with the sealing member such that, when
the trigger is disposed in the first trigger position, the
trigger effects interference with movement of the sealing
member from one of the open position and the closed
position to the other one of the open position and the
closed position, and when the trigger becomes disposed
in the second trigger position, the interference, effected
by the trigger, to the movement of the sealing member
from the one of the open position and the closed position
to the other one of the open position and the closed
position, is removed;

a temperature responsive trigger actuator including a trig-
ger actuator portion;

a shape-changing temperature modifier which effects
application of a tensile force to the temperature respon-
sive trigger actuator sufficient to effect a modification to
a shape-changing temperature of the trigger actuator
portion such that the trigger actuator portion is charac-
terized by a modified shape-changing temperature and is
configured such that when the temperature of the trigger
actuator portion is below the modified shape-changing
temperature, the trigger actuator portion is disposed in a
respective low temperature shape condition, and when
the temperature of the trigger actuator portion is at or
above the respective shape-changing temperature, the
trigger actuator portion is disposed in a respective high
temperature shape condition,

wherein the trigger co-operates with the temperature
responsive trigger actuator such that the movement of
the trigger from the closed position to the open position
is configured to be effected by heating of the trigger
actuator portion, wherein the heating is sufficient to raise
the temperature of the trigger actuator portion above its
modified shape-changing temperature.

2. The valve as claimed in claim 1,

wherein the shape-changing temperature of the trigger
actuator portion prior to the modification by the shape-
changing operative modifier is between 90 and 95
degrees Celsius, and wherein the modification to the
shape-changing temperature of the trigger actuator por-
tion is an increase to above 95 degrees Celsius.

3. The valve as claimed in claim 1, further comprising an
actuator retainer coupled to a retained trigger actuator portion
of the temperature responsive trigger actuator so as to effect
substantial fixing of the spatial disposition of the retained
trigger actuator portion relative to the body and thereby effect
a resistance to a change in spatial disposition of the retained
trigger actuator portion relative to the body such that the



US 9,121,521 B2

19

reduction in a length of the temperature responsive trigger
actuator, effected by the heating of the trigger actuator por-
tion, translates to an operative change in the spatial disposi-
tion of a length-reducible trigger actuator portion of the tem-
perature responsive trigger actuator which thereby effects the
movement of the trigger from the first trigger position to the
second trigger position.

4. The valve as claimed in claim 3, wherein the trigger

actuator portion includes a shaped memory alloy.

5. The valve as claimed in claim 4, wherein the tempera-

ture-responsive trigger actuator is in the form of a wire.

6. The valve as claimed in claim 5, wherein the wire has a

diameter of between 0.015 inches and 0.02 inches.

7. The valve as claimed in claim 1, wherein the trigger

actuator portion includes a shaped memory alloy.

8. The valve as claimed in claim 7, wherein the tempera-

ture-responsive trigger actuator is in the form of a wire.

9. The valve as claimed in claim 8, wherein the wire has a

diameter of between 0.015 inches and 0.02 inches.

10. A valve comprising:

abody;

apassageway defined by the body, wherein the passageway
includes an inlet and an outlet;

a sealing member configured for movement between a
closed position and an open position, wherein in the
closed position, the sealing member prevents fluid com-
munication between the inlet and outlet of the passage-
way, and in the open position, the inlet and the outlet of
the passageway are in fluid communication;

a trigger configured for movement between a first trigger
position and a second trigger position, wherein the trig-
ger cooperates with the sealing member such that, when
the trigger is disposed in the first trigger position, the
trigger effects interference to movement of the sealing
member from one of the open position and the closed
position to the other one of the open position and the
closed position, and when the trigger becomes disposed
in the second trigger position, the interference, effected
by the trigger, to the movement of the sealing member
from the one ofthe open position and the closed position
to the other one of the open position and the closed
position, is removed;

a temperature responsive trigger actuator including a tem-
perature-responsive trigger actuator portion;

an actuator retainer coupled to a retained trigger actuator
portion of the temperature responsive trigger actuator so
as to effect substantial fixing of the spatial disposition of
the retained trigger actuator portion relative to the body
and thereby effect a resistance to a change in spatial
disposition of the retained trigger actuator portion rela-
tive to the body; and

abiasing member which effects application of a force to the
temperature responsive trigger actuator, wherein the
temperature responsive trigger actuator co-operates
with the actuator retainer so as to effect opposition to the
force applied by the biasing member such that a result-
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ing tensile force is applied to the temperature responsive
trigger actuator sufficient to effect a modification to
shape-changing temperature of the temperature-respon-
sive trigger actuator portion such that the temperature-
responsive trigger actuator portion is characterized by a
modified shape-changing temperature, and is configured
such that when the temperature of the temperature-re-
sponsive trigger actuator portion is below the respective
shape-changing temperature, the temperature-respon-
sive trigger actuator portion is disposed in a respective
low temperature shape condition, and when the tempera-
ture of the temperature-responsive trigger actuator por-
tion is at or above the respective shape-changing tem-
perature, the temperature-responsive trigger actuator
portion is disposed in a respective high temperature
shape condition;

wherein the trigger co-operates with the temperature

responsive trigger actuator such that the movement of
the trigger from the one of the open position and the
closed position to the other one of the open position and
the closed position is configured to be effected by heat-
ing of the temperature responsive trigger actuator por-
tion, wherein the heating is sufficient to raise the tem-
perature of the temperature-responsive trigger actuator
portion above its modified shape-changing temperature.

11. The valve as claimed in claim 10,

wherein the shape-changing temperature of the tempera-

ture responsive trigger actuator portion, prior to the
modification, is between 90 and 95 degrees Celsius, and
wherein the modification to the shape-changing tem-
perature of the temperature responsive trigger actuator
portion is an increase to above 95 degrees Celsius.

12. The valve as claimed in claim 10, wherein the biasing
member is a resilient member.

13. The valve as claimed in claim 10, wherein the reduction
in a length of the temperature responsive trigger actuator,
effected by the heating of the temperature responsive trigger
actuator, translates to an operative change in the spatial dis-
position of a length-reducible trigger actuator portion of the
temperature responsive trigger actuator which thereby effects
the movement of the trigger from the first trigger position to
the second trigger position.

14. The valve as claimed in claim 13, wherein the trigger
actuator portion includes a shaped memory alloy.

15. The valve as claimed in claim 14, wherein the tempera-
ture-responsive trigger actuator is in the form of a wire.

16. The valve as claimed in claim 15, wherein the wire has
a diameter of between 0.015 inches and 0.02 inches.

17. The valve as claimed in claim 10, wherein the trigger
actuator portion includes a shaped memory alloy.

18. The valve as claimed in claim 17, wherein the tempera-
ture-responsive trigger actuator is in the form of a wire.

19. The valve as claimed in claim 18, wherein the wire has
a diameter of between 0.015 inches and 0.02 inches.
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